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(57) [Claim(s)] 

[Claim 1]A laminated type piezoelectricity actuator element using an electrostrictive ceramics object 
characterized by comprising the following in which it is a laminated type piezo-electricity actuator 
element, and 2-4.5 micrometers was made to a crystal grain diameter. 
Two or more laminated laminated electrostrictive ceramics objects. 

Two or more internal electrode layers embedded among these electrostrictive ceramics objects by being 
close all over a main table side of each electrostrictive ceramics object. 

Exterior electrodes which impress different polar piezo-electricity by turns to these internal electrode 
layers. 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention relates to the laminated type piezo-electricity actuator element used for various 
mechatronics apparatus. 
[Description of the Prior Art] 

Development of the piezoelectric actuator used as a control unit which mechatronics apparatus 
developed quickly in recent years, drove the robot etc. in connection with this, and used minute 
displacement and generative force is also prosperous. The electrostrictive ceramics by which 
polarization was carried out to especially the thickness direction is accumulated as a stack so that the 
polarization direction may counter mutually, Since the laminated type piezo-electricity actuator element 
which generates the electric field induction distortion of electrostrictive ceramics can obtain big 
displacement with small voltage, the usefulness attracts attention. 

Fig. 4 is a mimetic diagram showing the structure of a laminated type piezo-electricity actuator element, 
and it is a figure where Fig. 4 (a) expresses a top view and Fig. 4 (b) expresses the A-A section of Fig. 4 
(a). As shown in Fig. 4 (a) and (b), as for the structure of the laminated type piezo-electricity actuator 
element I, many internal electrode layers 3 are embedded to the inside of the electrostrictive ceramics 
object 2. 

The connection between each internal electrode layer 3 is electrically externally connected in parallel by 
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making the insulating layer 4 placed between side edge parts every other layer, and forming the exterior 
electrodes 5 from on the. 

Manufacture of this laminated type piezo-electricity actuator element is performed in general as 
follows. . [ a piezo-electric high distorted constant (d 33 ) ] The precursor powder end of the 

electrostrictive ceramics of a PbTi0 3 -PbZr0 3 -Pb(nickel, Nb) 0 3 or PbTi0 3 -PbZr0 3 -Pb(Mg, nickel) 0 3 

system it has with processes, such as fabrication, calcination, and polish. The silver paste of the internal 
electrode electrode layer 3 is applied and laminated on the laminated electrostrictive ceramics object 2 
about 0.5 mm thick, and nothing and this electrostrictive ceramics object 2, After ****(ing) a slit to put 
on the side edge part of this layered product further by turns, the insulating layer 4 can be formed in that 
slit, and the laminated type piezo-electricity actuator element j_shown in Fig. 4 can be obtained by 
attaching the exterior electrodes 5 after that. 

Thus, in setting up manufacturing conditions, in order to raise generative force, the various 
characteristics of displacement, for example, amount, of the laminated type piezo-electricity actuator 
element l_which are obtained, usually, it is carried out so that the most desirable conditions may be 
adopted. 

[Problem(s) to be Solved by the Invention] 

However, in order to obtain the piezoelectric actuator element which has good characteristics and to find 
out desirable manufacturing conditions, Such combination must be accurately performed out of many 
conditions, and since this includes an operationally quite complicated factor, it is desirable to define the 
requirements which can perform characteristics evaluation still more efficiently about a piezoelectric 
actuator element. 

Generally the ceramic sintered compact is made in a place good [ if the sintering state is the same, the 
one where a crystal grain diameter is smaller has high intensity, and the characteristics of the one are 
also good, and / to usually calcinate using the precursor powder end of detailed particle diameter ]. 
Then, in the case of an electrostrictive ceramics object, this invention persons pay their attention to the 
size of a crystal grain diameter as effective requirements for acquiring good characteristics, It asked for 
the relation between a crystal grain diameter and piezoelectric property, and from a viewpoint that it is 
effective that a crystal grain diameter performs characteristics evaluation of electrostrictive ceramics, 
when a crystal grain diameter was made small, it was made to get to know experimentally how 
piezoelectric property would change. 

This invention is made in view of an above-mentioned point, the purpose sets up the optimal crystal 
grain diameter of an electrostrictive ceramics object, and it is in providing the laminated type piezo- 
electricity actuator element which has good characteristics. 
[The means for solving a technical problem] 

In order to solve the above-mentioned technical problem, the laminated type piezo-electricity actuator 
element of this invention makes the range of 2-4.5 micrometers to the crystal grain diameter of the 
electrostrictive ceramics object which constitutes this element. 
[Function] 

Having made it become a range whose crystal grain diameter of an electrostrictive ceramics object is 2- 
4.5 micrometers in this invention, [ a sake ] [ by what is necessary's being to control only a firing 
condition among many manufacturing conditions, and moreover determining the optimal crystal grain 
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diameter range ] Piezoelectric property and an electrostrictive ceramics object with good mechanical 
strength can be acquired, the laminated type piezo-electricity actuator element after an assembly shows 
the value which was excellent in the amount of the maximum displacement, and the maximum yield, 
and its reliability also comes to increase. 
[Example] 

This invention is explained based on an embodiment below. 

[ production of the laminated type piezo-electricity actuator element of this invention ] Carry out using 
the usual method mentioned above, and a ball mill grinds the raw material of PbT 1 0 3 , PbZr0 3 , and Pb 

(nickel 1/3, Pb 2/3) 0 3 so that it may become the predetermined mixing ratio first, After having obtained 

detailed powder, having calcinated this, grinding in 20mmphi and thickness of 0.5 mm and forming the 
internal electrode layer of silver paste, 80 sheets of this electrostrictive ceramics object were laminated, 
and the laminated type piezo-electricity actuator element with the structure which provided an insulating 
layer and exterior electrodes and was shown in Fig. 4 w as produced. 

[ the size of the crystal grain diameter of the electrostrictive ceramics object to which this invention 
persons paid their attention the above process ] Since the calcination temperature and the holding time of 
voltage in the end of materials powder by which mixed pulverization was carried out were determined, 
calcination temperature was 1050-1250 **, the holding time of voltage was made into 2 to 48 hours, the 
electrostrictive ceramics object of 24 conditions by both combination was produced, and those crystal 
grain diameters were measured. A vertical axis is made into calcination temperature and it makes a 
horizontal axis the holding time of voltage, and Fig. 1 is a related figure showing the size of the crystal 
grain diameter of the electrostrictive ceramics object acquired corresponding to these both combination, 
and has filled in the high line which classifies the range of each crystal grain diameter by the dotted line. 
The diagram of Fig. 2 showed the crystal grain diameter of a piezoelectric ceramic body and the relation 
of piezoelectric property which were obtained in this way. It is the diagram which Fig. 2 m ade specific 
inductive capacity (epsilon/epsilon 0 ) and the electromechanical coupling coefficient (Kr), and the 

horizontal axis the crystal grain diameter for the vertical axis, and plotted both relation, and curvilinear 
(**) expresses specific inductive capacity (epsilon/epsilon 0 ), and curvilinear (**) expresses the 

electromechanical coupling coefficient (Kr). It turns out that specific inductive capacity (epsilon/epsilon 
0 ) is or more in 5700 from Fig. 2 , and the crystal grain diameter of 0.55 or more electrostrictive ceramics 

objects acquired has an electromechanical coupling coefficient (Kr) in the range of 2-4.5 micrometers. 
For example, more specifically, An electrostrictive ceramics object and calcination temperature of 1200 
** with the electrostrictive ceramics object, the calcination temperature of 1 175 **, and the crystal grain 
diameter of 3.74 micrometers of holding-time-of-voltage 24 hours which have the calcination 
temperature of 1 150 **, and a crystal grain diameter of 3.35 micrometers of holding-time-of-voltage 24 
hours from Fig. 1 again. If piezoelectric property is shown about an electrostrictive ceramics object with 
the crystal grain diameter of 3.92 micrometers of holding-time-of-voltage 10 hours, the result shown in 
the 1st table will be obtained. 
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Next, in order to evaluate the mechanical strength of an electrostrictive ceramics object, the crack length 
of **** produced according to the load of the Vickers penetrometer was asked for the destructive 
****** value (K 1C ). Fig. 3 a vertical axis The destructive ****** value (K 1C ) of an electrostrictive 

ceramics object, It is the diagram which used the horizontal axis as the crystal grain meter, and 
expressed both relation, and a point of Fig. 3 to intensity also shows that the range which shows a value 
with a size of the crystal grain diameter of a ceramics body high in the maximum neighborhood of a 
destructive ****** value (K 1C ) is 2-4.5 micrometers by **. 

According to the diagram of Fig. 2 and Fig. 3, can make small above the size of the crystal grain 
diameter of piezoelectric property and the electrostrictive ceramics object with which it is fully satisfied 
of all of mechanical strength to 2 micrometers, butAs for the size of the maximum, limiting to 4.5 
micrometers is optimal, and a firing condition is acquired from the combination of both who make the 
calcination temperature of 1050-1250 **, and the holding time of voltage 2 to 50 hours from Fig. 1 . 
Then, [ object / with each crystal grain diameter of 3.35 micrometers, 3.74 micrometers, and 3.92 
micrometers described above / electrostrictive ceramics ] As a result of laminating 80 things with 0.5 
mm [ in thickness ], and a diameter [ phi ] of 20 mm, respectively, producing a laminated type piezo- 
electricity actuator element and searching for an element characteristic, direct current voltage was able 
to be impressed 400V and the amount of the maximum displacement of 40-50 micrometers and 800- 
1000 kg of the maximum generative force were able to be acquired. These values correspond twice 
[ about ] to an element conventionally. 

Thus, the laminated type piezo-electricity actuator element of this invention can raise a charateristic 
value remarkably by defining the optimal range of the crystal grain diameter of the electrostrictive 
ceramics object which constitutes this. 
[Effect of the Invention] 

In order to raise the characteristics of a laminated type piezo-electricity actuator element, those 
combination has performed from the inside of the manufacturing conditions of the former many, but. 
[ by controlling the size of the crystal grain diameter of an electrostrictive ceramics object by this 
invention, and considering it as the optimal particle diameter range by it, as the embodiment described ] 
It makes it possible for you to give good piezoelectric property and mechanical property, to make it 
reflected in the piezoelectric property of the element which laminated these electrostrictive ceramics 
objects, to have the high amount of the maximum displacement, and the maximum generative force, to 
excel in endurance, and to obtain the large laminated type piezo-electricity actuator element of 
reliability. And since the correlation of calcination temperature and the holding time of voltage can 
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determine only depending on a firing condition, management of a manufacturing process is very easy for 
determining the optimal range of the crystal grain diameter of an electrostrictive ceramics object, and its 
efficiency is also high. 



[Brief Description of the Drawings] 

The related figure of calcination temperature and the holding time of voltage where Fig. 1 m akes a 
parameter the crystal grain diameter of an electrostrictive ceramics object, Similarly the ** type top 
view and Fig. 4 (b) in which Fig. 2 shows the specific inductive capacity of an electrostrictive ceramics 
object and the relation line figure of an electromechanical coupling coefficient and a crystal grain 
diameter, Fig. 3 shows the relation line figure of the destructive ****** value of an electrostrictive 
ceramics object and a crystal grain diameter, and Fig. 4 (a) shows the structure of a laminated type piezo- 
electricity actuator element are a ** type sectional view. 

l_[ .... An insulating layer, 5 / .... Exterior electrodes. ] .... A laminated type piezo-electricity actuator 
element, 2 .... An electrostrictive ceramics object, 3 .... An internal electrode layer, 4 
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